Introduction {#Sec1}
============

Supersymmetry (SUSY) \[[@CR1]--[@CR9]\] proposes the existence of new particles with spin differing by one half unit from that of their Standard Model (SM) partners. In the Minimal Supersymmetric Standard Model (MSSM) \[[@CR10]--[@CR14]\], charginos, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{1,2}^\pm $$\end{document}$, and neutralinos, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{1,2,3,4}^0$$\end{document}$, are the mass-ordered eigenstates formed from the linear superposition of the SUSY partners of the Higgs and electroweak gauge bosons (higgsinos, winos and bino). In $\documentclass[12pt]{minimal}
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                \begin{document}$$R$$\end{document}$-parity-conserving models, SUSY particles are pair-produced in colliders and the lightest SUSY particle (LSP) is stable. In many models the LSP is assumed to be a bino-like $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_1^0$$\end{document}$, which is weakly interacting. Naturalness arguments \[[@CR15], [@CR16]\] suggest that the lightest of the charginos and neutralinos may have masses at the electroweak scale, and may be accessible at the Large Hadron Collider (LHC) \[[@CR17]\]. Furthermore, direct pair production of charginos and neutralinos may be the dominant production of supersymmetric particles if the superpartners of the gluon and quarks are heavier than a few TeV.

In SUSY scenarios where the masses of the pseudoscalar Higgs boson and the superpartners of the leptons are larger than those of the produced chargino and neutralino, the chargino decays to the lightest neutralino and the $\documentclass[12pt]{minimal}
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                \begin{document}$$W$$\end{document}$ boson, while the next-to-lightest neutralino decays to the lightest neutralino and the SM-like Higgs or $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ boson. This paper focuses on SUSY scenarios where the decay to the Higgs boson is the dominant one. This happens when the mass splitting between the two lightest neutralinos is larger than the Higgs boson mass and the higgsinos are much heavier than the winos, causing the composition of the lightest chargino and next-to-lightest neutralino to be wino-like and nearly mass degenerate.

A simplified SUSY model \[[@CR18], [@CR19]\] is considered for the optimisation of the search and the interpretation of results. It describes the direct production of $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$, where the masses and the decay modes of the relevant particles ($\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$) are the only free parameters. It is assumed that the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$ are pure wino states and degenerate in mass, while the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_1^0$$\end{document}$ is a pure bino state. The prompt decays $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0\rightarrow h\tilde{\chi }_1^0$$\end{document}$ are assumed to have 100 % branching fractions. The Higgs boson mass is set to $\documentclass[12pt]{minimal}
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                \begin{document}$$125{\mathrm {\ GeV}}$$\end{document}$, which is consistent with the measured value \[[@CR20]\], and its branching fractions are assumed to be the same as in the SM. The latter assumption is motivated by those SUSY models in which the mass of the pseudoscalar Higgs boson is much larger than the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ boson mass.

The search presented in this paper targets leptonic decays of the $\documentclass[12pt]{minimal}
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                \begin{document}$$W$$\end{document}$ boson and three Higgs boson decay modes as illustrated in Fig. [1](#Fig1){ref-type="fig"}. The Higgs boson decays into a pair of $\documentclass[12pt]{minimal}
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                \begin{document}$$W$$\end{document}$ bosons where at least one of the bosons decays leptonically. The final states therefore contain missing transverse momentum from neutrinos and neutralinos, one lepton ($\documentclass[12pt]{minimal}
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                \begin{document}$$\ell ^{\pm }\ell ^{\pm }$$\end{document}$). The Higgs boson candidate can be fully reconstructed with the $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell ^{\pm }\ell ^{\pm }$$\end{document}$ signature does not allow for such reconstruction and it is considered because of its small SM background. Its main signal contribution is due to $\documentclass[12pt]{minimal}
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                \begin{document}$$h\rightarrow {}\tau \tau $$\end{document}$ when some of the visible decay products are missed during the event reconstruction.Fig. 1Diagrams for the direct pair production of $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_1^\pm \tilde{\chi }_2^0$$\end{document}$ and the three decay modes studied in this paper. For the same-sign dilepton channel (c), only the dominant decay mode is shown. **a** One lepton and two $\documentclass[12pt]{minimal}
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                \begin{document}$$b$$\end{document}$-quarks channel, **b** one lepton and two photons channel and **c** same-sign dilepton channel

The analysis is based on 20.3 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {fb}^{-1}$$\end{document}$ of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s}=8{\mathrm {\ TeV}}$$\end{document}$ proton--proton collision data delivered by the LHC and recorded with the ATLAS detector. Previous searches for charginos and neutralinos at the LHC have been reported by the ATLAS \[[@CR21]--[@CR23]\] and CMS \[[@CR24], [@CR25]\] collaborations. Similar searches were conducted at the Tevatron \[[@CR26], [@CR27]\] and LEP \[[@CR28]--[@CR32]\].

The results of this paper are combined with those of the ATLAS search using the three-lepton and missing transverse momentum final state, performed with the same dataset \[[@CR21]\]. The three-lepton selections may contain up to two hadronically decaying $\documentclass[12pt]{minimal}
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                \begin{document}$$h\rightarrow \tau \tau /WW/ZZ$$\end{document}$ Higgs boson decay modes. The statistical combination of the results is facilitated by the fact that all event selections were constructed not to overlap.

This paper is organised in the following way: the ATLAS detector is briefly described in Sect. [2](#Sec2){ref-type="sec"}, followed by a description of the Monte Carlo simulation in Sect. [3](#Sec3){ref-type="sec"}. In Sect. [4](#Sec4){ref-type="sec"} the common aspects of the event reconstruction are illustrated; Sects. [5](#Sec5){ref-type="sec"}, [6](#Sec8){ref-type="sec"}, and [7](#Sec11){ref-type="sec"} describe the channel-specific features; Sect. [8](#Sec14){ref-type="sec"} discusses the systematic uncertainties; the results and conclusions are presented in Sects. [9](#Sec15){ref-type="sec"} and [10](#Sec16){ref-type="sec"}.

The ATLAS detector {#Sec2}
==================

ATLAS is a multipurpose particle physics experiment \[[@CR33]\]. It consists of detectors forming a forward-backward symmetric cylindrical geometry.[1](#Fn1){ref-type="fn"} The inner detector (ID) covers $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.5$$\end{document}$ and consists of a silicon pixel detector, a semiconductor microstrip tracker, and a transition radiation tracker. The ID is surrounded by a thin superconducting solenoid providing a $\documentclass[12pt]{minimal}
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                \begin{document}$$<$$\end{document}$ 4.9) regions, while a steel/scintillator tile calorimeter measures hadronic showers in the central region ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Monte Carlo simulation {#Sec3}
======================

Table 1Simulated samples used for background estimates. "Tune" refers to the choice of parameters used for the underlying-event generationProcessGeneratorCross sectionTunePDF setSingle top, $\documentclass[12pt]{minimal}
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The event generators, the accuracy of theoretical cross sections, the underlying-event parameter tunes, and the parton distribution function (PDF) sets used for simulating the SM background processes are summarised in Table [1](#Tab1){ref-type="table"}.

The SUSY signal samples are produced with [Herwig]{.smallcaps}++  \[[@CR57]\] using the [CTEQ6L1]{.smallcaps} PDF set. Signal cross sections are calculated at next-to-leading order (NLO) in the strong coupling constant using [Prospino2]{.smallcaps}  \[[@CR58]\]. These agree with the NLO calculations matched to resummation at next-to-leading-logarithmic (NLL) accuracy within $\documentclass[12pt]{minimal}
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The propagation of particles through the ATLAS detector is modelled with [GEANT4]{.smallcaps}  \[[@CR62]\] using the full ATLAS detector simulation \[[@CR63]\] for all Monte Carlo (MC) simulated samples, except for $\documentclass[12pt]{minimal}
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                \begin{document}$$b$$\end{document}$-quarks, for which a fast simulation based on a parametric response of the electromagnetic and hadronic calorimeters is used \[[@CR64]\]. The effect of multiple proton--proton collisions in the same or nearby beam bunch crossings (in-time or out-of-time pile-up) is incorporated into the simulation by overlaying additional minimum-bias events generated with [Pythia6]{.smallcaps} onto hard-scatter events. Simulated events are weighted so that the distribution of the average number of interactions per bunch crossing matches that observed in data, but are otherwise reconstructed in the same manner as data.

Event reconstruction {#Sec4}
====================

The data sample considered in this analysis was collected with a combination of single-lepton, dilepton, and diphoton triggers. After applying beam, detector, and data-quality requirements, the dataset corresponds to an integrated luminosity of 20.3 $\documentclass[12pt]{minimal}
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Vertices compatible with the proton-proton interactions are reconstructed using tracks from the ID. Events are analysed if the primary vertex has five or more tracks, each with transverse momentum $\documentclass[12pt]{minimal}
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Electron candidates are reconstructed from calibrated clustered energy deposits in the electromagnetic calorimeter and a matched ID track, which in turn determine the $\documentclass[12pt]{minimal}
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Muon candidates are reconstructed by combining tracks in the ID and tracks or segments in the MS \[[@CR67]\] and are required to have $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm {T}>10{\mathrm {\ GeV}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |<2.5$$\end{document}$. To suppress cosmic-ray muon background, events are rejected if they contain a muon having transverse impact parameter with respect to the primary vertex $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|d_0|>0.2$$\end{document}$ mm or longitudinal impact parameter with respect to the primary vertex $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|z_0|>1$$\end{document}$ mm.

Photon candidates are reconstructed from clusters of energy deposits in the electromagnetic calorimeter. Clusters without matching tracks as well as those matching one or two tracks consistent with a photon conversion are considered. The shape of the cluster must match that expected for an electromagnetic shower, using criteria tuned for robustness under the pile-up conditions of 2012 \[[@CR68]\]. The cluster energy is calibrated separately for converted and unconverted photon candidates using simulation. In addition, $\documentclass[12pt]{minimal}
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Jets are reconstructed with the anti-$\documentclass[12pt]{minimal}
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                \begin{document}$$k_t$$\end{document}$ algorithm \[[@CR69]\] with a radius parameter of 0.4 using three-dimensional clusters of energy in the calorimeter \[[@CR70]\] as input. The clusters are calibrated, weighting differently the energy deposits arising from the electromagnetic and hadronic components of the showers. The final jet energy calibration corrects the calorimeter response to the particle-level jet energy \[[@CR71], [@CR72]\]; the correction factors are obtained from simulation and then refined and validated using data. Corrections for in-time and out-of-time pile-up are also applied, as described in Ref. \[[@CR73]\]. Events containing jets failing to meet the quality criteria described in Ref. \[[@CR71]\] are rejected to suppress non-collision background and events with large noise in the calorimeters.
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Potential ambiguities between candidate leptons, photons and jets are resolved by removing one or both objects if they are separated by $\documentclass[12pt]{minimal}
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Background estimation {#Sec7}
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One lepton and two photons channel {#Sec8}
==================================

Event selection {#Sec9}
---------------

Events recorded with diphoton or single-lepton triggers are used in the one lepton and two photons channel. For the diphoton trigger, the transverse momentum thresholds at trigger level for the highest-$\documentclass[12pt]{minimal}
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Distributions in the Higgs-mass window of the four kinematic variables used to define the SRs are shown in Fig. [3](#Fig3){ref-type="fig"}. For illustration purposes, the observed yield in the sideband region is shown for each distribution, scaled into the corresponding Higgs-mass window by the relative widths of the Higgs-mass window and the sideband region, 10 GeV/50 GeV $\documentclass[12pt]{minimal}
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The contribution from background sources that do not contain a $\documentclass[12pt]{minimal}
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Depending on the final state, additional kinematic variables are used to further reduce the background. Requiring the pseudorapidity difference between the two leptons $\documentclass[12pt]{minimal}
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To test the non-prompt lepton and charge mismeasurement backgrounds, validation regions are defined by applying only the number of jets $\documentclass[12pt]{minimal}
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Background estimation {#Sec13}
---------------------

The irreducible background in the same-sign dilepton channel is dominated by $\documentclass[12pt]{minimal}
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Background contributions due to non-prompt leptons are estimated with the matrix method described in Ref. \[[@CR22]\]. It takes advantage of the difference between the efficiencies for prompt and non-prompt leptons, defined as the fractions of prompt and non-prompt preselected leptons respectively, that pass the signal-lepton requirements. The number of events containing non-prompt leptons is obtained from these efficiencies and the observed number of events using four categories of selection with preselected or signal leptons. The efficiencies for prompt and non-prompt leptons are derived, as a function of $\documentclass[12pt]{minimal}
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Same-sign background events where the lepton charge is mismeasured are usually due to a hard bremsstrahlung photon with subsequent asymmetric pair production. The charge mismeasurement probability, which is negligible for muons, is measured in data as a function of electron $\documentclass[12pt]{minimal}
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Estimates of non-prompt lepton and charge mismeasurement background are tested in the validation regions; the number of observed events agrees with the expected background in all validation regions. Figure [5](#Fig5){ref-type="fig"} shows the distribution of $\documentclass[12pt]{minimal}
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The number of observed and expected events in each signal region is reported in Table [8](#Tab8){ref-type="table"}. Figure [6](#Fig6){ref-type="fig"} shows the data distributions of $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec14}
========================

Table 9Summary of the statistical and main systematic uncertainties on the background estimates, expressed in per cent of the total background yields in each signal region. Uncertainties that are not considered for a particular channel are indicated by a "--". The individual uncertainties can be correlated, and do not necessarily add in quadrature to the total background uncertaintySR$\documentclass[12pt]{minimal}
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Table [9](#Tab9){ref-type="table"} summarises the dominant systematic uncertainties on the total expected background yields in the six signal regions.
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Results and interpretations {#Sec15}
===========================

The event yields observed in data are consistent with the Standard Model expectations within uncertainties in all signal regions. The results are used to set exclusion limits with the frequentist hypothesis test based on the profile log-likelihood-ratio test statistic and approximated with asymptotic formulae \[[@CR92]\].Table 10From left to right, observed 95 % CL upper limits ($\documentclass[12pt]{minimal}
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Fig. 7Observed (*solid line*) and expected (*dashed line*) 95 % CL upper limits on the cross section normalised by the simplified model prediction as a function of the common mass $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1 \sigma _{\text {theory}}^{\text {SUSY}}$$\end{document}$ theoretical uncertainty. The *solid band around the expected limit* shows the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1\sigma _{\text {exp}}$$\end{document}$ uncertainty band where all uncertainties, except those on the signal cross sections, are considered. **a** One lepton and two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b$$\end{document}$-jets channel, **b** one lepton and two photons channel, **c** same-sign dilepton channel and **d** combination

Exclusion upper limits at the 95 % confidence level (CL) on the number of beyond-the-SM (BSM) signal events, $\documentclass[12pt]{minimal}
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The results are also used to set exclusion limits on the common mass of the $\documentclass[12pt]{minimal}
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Systematic uncertainties on the signal expectations stemming from detector effects are included in the fit in the same way as for the backgrounds. Theoretical systematic uncertainties on the signal cross section described in Sect. [3](#Sec3){ref-type="sec"} are not included directly in the fit. In all resulting exclusions the dashed (black) and solid (red) lines show the 95 % CL expected and observed limits respectively, including all uncertainties except for the theoretical signal cross-section uncertainty. The (yellow) bands around the expected limit show the $\documentclass[12pt]{minimal}
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Conclusions {#Sec16}
===========
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